The occurrence and distribution of poly (A) Heterodisperse AMP-rich RNAs have been studied in a wide range of plant tissues (10, (20) (21) (22) 41) . This class of RNA from soybean seedlings was fractionated into what appeared to be two discrete species based on MAK column fractionation, rate of labeling, size distribution, and base composition analysis (22). These two species of AMP-rich RNA were referred to operationally as D-RNA and as TB-RNA (22). A major distinguishing feature of these RNAs was their base compositions; D-RNA and TB-RNA were about 30 and 40 mole % AMP, respectively. Short time-labeled RNA of the D-RNA type has been reported to be associated with polyribosomes, presumably as mRNA (20, 22, 27) .
Heterodisperse AMP-rich RNAs have been studied in a wide range of plant tissues (10, (20) (21) (22) 41) . This class of RNA from soybean seedlings was fractionated into what appeared to be two discrete species based on MAK column fractionation, rate of labeling, size distribution, and base composition analysis (22) . These two species of AMP-rich RNA were referred to operationally as D-RNA and as TB-RNA (22) . A major distinguishing feature of these RNAs was their base compositions; D-RNA and TB-RNA were about 30 and 40 mole % AMP, respectively. Short time-labeled RNA of the D-RNA type has been reported to be associated with polyribosomes, presumably as mRNA (20, 22, 27) .
At about the time the work on soybean AMP-rich RNAs was reported (22) , a number of reports appeared on the occurrence of polyadenylate or poly(A) sequences in the RNAs of a number of animal tissues (5, 6, 9, 24, 25) . These reports prompted investigations into the possible presence of poly(A) in the AMPrich RNAs of soybean.
While the physiological and biochemical importance of poly(A) in RNA is not understood at this time, poly(A) RNA populations and the poly(A) sequences from them have been well Athens, Georgia, 30602 characterized in a wide range of eukaryotic systems (6, 11, 12 14-16, 30, 32, 33, 36) . The poly(A) sequence ranges in size from 20 to 50 AMP residues in yeast (16, 30) , about 100 residues in Dictyostelium (11, 12) , up to 200 or more nucleotides in HeLa cells (6, 9) and is generally heterodisperse in any given steady state system. This poly(A) sequence occurs at the 3' terminus of the poly(A) RNA (32, 33) and is added post-transcriptionally (6, 12, 36) . About 20 to 40% of pulse-labeled (nonribosomal) hnRNA molecules contain a poly(A) sequence (15, 19) . While some early reports indicated that most or all mRNA in eukaryotic organisms, with the exception of histone message, contained a poly(A) sequence (1, 15) , there is recent evidence which indicates that up to 30 or 40% of the mRNA in some systems is not polyadenylated (16, 31, 35) . Much of the adenylation of RNA occurs in the nucleus (12, 19, 36) . There is, however, some evidence for poly(A) synthesis in the cytoplasm (36, 40) along with some turnover in the terminal AMP residues (7) . In addition to the 3' terminal poly(A) sequence, the poly(A) RNA from at least some species contains a shorter internal sequence (26, 34) RNA was extracted and purified as previously described (22) . Polyribosomes were prepared as described by Anderson and Key (2). Polyribosomal RNA was extracted by the method of Perry et al. (37) . In some experiments the RNA,,was fractionated on MAK columns to prepare D-RNA and TB-RNA (22) . Total RNA was purified through CsCl gradients by the method of Glisin et at. (13) for experiments where poly(U) sepharose and oligo(dT) columns were used to purify poly(A) and poly(A) RNA. This purification step removed nonRNA contaminants which interfered with fractionation and recovery of poly(A) RNA and poly(A).
Cellulose nitrate filter binding of poly(A) RNA was achieved using the method of Lee et al. (24) . Poly(U) filter binding of poly(A) RNA was by the method of Sheldon et al. (39) . Oligo-(dT) columns were run according to Aviv and Leder (3), except that the column was eluted with 10 mi tris (pH 7.5) at 40 C. Poly(U) sepharose was prepared and used according to Firtel et al. (11) , except that the elution was achieved with H20 at 40 C.
Acrylamide gel fractionation of poly(A) and poly(A) RNA was achieved using the methods of Loening (28) . In addition, urea (32) and formamide (8) gels were used to determine RNA size ranges under denaturing conditions. Paper electrophoresis (pH 3.5, 0.05 M ammonium acetate, 2.5 hr at 1000 v) was used to fractionate nucleotides and nucleosides from KOH (0.3 N at 37 C for 18 hr) or piperidine (10% at 60 C for 48 hr) hydrolysates of RNA or poly(A).
Nuclease digestion of the RNA was achieved using ribonuclease A and T, separately or in combination in 0.2 M NaCl containing 10 mM tris (pH 7.5) and 0.5 mt EDTA. T2 ribonuclease digestion was carried out in some experiments to confirm that the bound counts after ribonuclease A and T, digestion of RNA were the result of the presence of poly(A).
Experimental details will be given in legends of tables and figures.
RESULTS
In the early experiments, samples of 32P-labeled 18S rRNA, D-RNA, and TB-RNA were obtained by purification through two cycles of MAK column fractionation. (It is known that two cycles of MAK column fractionation are not sufficient to completely separate the D-and TB-RNAs [22] .) The results presented in Table I were obtained when these RNA preparations were subjected to binding on cellulose nitrate filters (24). There was significant binding of 32P-RNA from D-RNA relative to 18S rRNA. Yet about 85 % of the TB-RNA bound to the filters compared to only about 10 to 12% of the D-RNA. The binding was reduced to near the 18S base level by treatment with T2 ribonuclease but not by ribonuclease A or Ti. As shown in Table II , the membrane bound-32P-RNA from the D-RNA and TB-RNA preparations had essentially identical base compositions, representative of purified TB-RNA; the nonbound, flow through 32P-RNA had a base composition characteristic of D-RNA, i.e., 29 to 30 mole % AMP (22) . The ribonuclease Aresistant material which bound to the filters was greatly enriched in AMP. The bound 32P-material varied in AMP content from experiment to experiment ranging from about 85 mole % AMP as noted in Table II up to about 93 mole %l. These AMP percentages are rather typical of those reported for "poly(A)" in many early experiments (6, 9, 17, 18, 29, 42) where 32P-RNA was digested and passed through filters, and base compositions Tables I and II were repeated using poly(U) filter binding (39) instead of cellulose nitrate. Essentially identical data were obtained; i.e., about 85% of the TB-RNA was bound, and the ribonuclease-resistant material had an AMP content of about 90 mole % in contrast to the 40 mole % AMP in the undigested and bound TB-RNA.
These experiments established that the soybean 32P-RNA contained a population of RNA molecules which had the properties of poly(A) RNA. The poly(A) was restricted to that RNA fraction which was operationally referred to as TB-RNA (22); these and subsequent experiments showed that the D-RNA (i.e., the 30 mole % AMP type) did not contain a sequence of poly(A) of sufficient length to allow binding to poly(U) or cellulose nitrate filters or to oligo(dT) cellulose columns. The binding to poly(U) filters and cellulose nitrate filters of 32P-RNA from the "D-RNA". purified through only two cycles of MAK column fractionation was the result of contaminating TB-RNA (i.e., 40 mole % AMP type), as would be expected from earlier studies (22) . When large amounts of 32P-D-RNA, which were obtained by removing poly(A) RNA by two passages of the RNA through poly(U) sepharose columns, were digested with ribonuclease A and TI, no significant amount of poly(A) was detected in the hydrolysate; thus there were no poly(A) regions in the molecules which were inaccessible to binding to poly(U).
In subsequent experiments, large amounts of CsCI-purified RNA (13) labeled with 32P-orthophosphate and/or 2-3H-adenosine were fractionated through either poly(U) sepharose (11) unbound, flow through 32P-RNA (Fig. IA) from such an experiment is compared to the 32P-RNA which was bound (Fig. iB) . The poly(A) RNA (bound fraction) was heterodisperse in size with a mean of about 18S. The mean size for the nonpoly(A) RNA (unbound) (Fig. IA) Tables II and III) . From a series of experiments, the ribonuclease (T, plus A)-resistant material (poly(A)) from 32P-poly(A) RNA ranged from 8 to 11 % (Table  III) with an average of about 9 % of the total 32P-RNA. When 2-3H-adenosine-labeled RNA was digested with ribonuclease A and Tl, 18 to 23 % of the 3H-AMP was resistant, i.e., was present in poly(A).
When the poly(A) fraction prepared as in Table III (2) was fractionated on polyacrylamide gels ( Fig. 2A) , a large heterodisperse fraction overlapping the 4 to 5.8S regions (gel fractions 10-35) and a smaller peak of lower mol wt (fractions 49-55) were obtained. The small peak was eliminated by purifying the poly(A) fraction through an oligo(dT) cellulose column prior to gel electrophoresis (Fig. 2B) . Base composition analyses showed that the fractions migrating in the 4 to 5.8S region of the gels shown in Figure 2 , A and B, were in fact poly(A). Both were greater than 98.5 mole % AMP; the remaining 32p was present in a hydrolysis product which migrated in the region of CMP. It is known that this is a hydrolysis artefact (32) and that this radioactivity is in fact in an AMP derivative. The low mol wt component (fractions 49-55, Fig. 2A ), which was removed by prior binding of the "ribonuclease-resistant" material to oligo-(dT) cellulose, varied in amount and base composition in ribonuclease digests of poly(A) RNA. It was not an oligo(A) fragment as is shown by its base composition (Table IV) . Certainly there was not a sequence of AMPs of sufficient length in the oligomer fraction to allow binding to oligo(dT) or poly(U). The data in Table IV were obtained from 0.5% SDS eluates from the acrylamide gels shown in Figure 2 .
In experiments designed to determine the location of the poly(A) sequence within the RNA molecule, poly(A) was prepared from poly(A) RNA which had been labeled with both 32P-orthophosphate and 2-3H-adenosine. Following elution of the poly(A) from oligo(dT) cellulose, the poly(A) purity was checked by acrylamide gel fractionation to see that only one ribonuclease-resistant component was present as in Figure 2B and by base composition analysis to show that all 32P was present in AMP. The distribution of 3H in the KOH or piperidine hydrolysates of the poly(A) was then determined (Fig. 3) . When fractions corresponding to 15 to 40 of Figure 2B were hydrolyzed, the ratio of 3H in AMP and adenosine was about 100 to 1 (range from 96-110 in different experiments). 3H-adenosine would result only from a poly(A) sequence at the 3'-OH terminus of poly(A) RNA. Thus these data, coupled with the size of the (22) , with ribonuclease T1 (100 units) and A (0.5 ,g) for 1 hr at 37 C and 5 min at 60 C followed by ethanol precipitation.
The ribonuclease digestion was repeated in the presence of 80,g of cold RNA followed by ethanol precipitation. An acrylamide gel fractionation of "poly(A)" prepared by this method is shown in Fig. 2A . Table III . Poly(A) was fractionated following ethanol precipitation (A); poly(A) was purified by binding to oligo(dT) cellulose prior to gel electrophoresis (B).
poly(A) fragment based on gel fractionation, indicate that most if not all of the poly(A) is present at the 3' terminus of poly(A) RNA. No 32p_ or 3H-3', 5'-ADP was detected in the hydrolysates, indicating that no poly(A) sequences were present at the 5' terminus of the poly(A) RNA. This analysis does not rule out the possiblity that some poly(A) sequences might occur internally in the poly(A) RNA. The 3H-component which migrates somewhat faster than 3H-adenosine (Fig. 3) (20, 22, 27) rather than TB-RNA. In view of the fact that much of the mRNA in many systems contains a 3'-poly(A) sequence (1, 4, 9, 24, 25), the polysome-associated RNA was reinvestigated using more rigorous conditions to prevent ribonuclease action during polyribosome isolation. The data shown in Table V indicate that as much as 50% of the short time-labeled 32P-RNA associated with soybean polyribosomes is poly(A) RNA. Polysomal poly(A) RNA had a heterogeneous size distribution on gels similar to poly(A) RNA from total tissue. No '2P-rRNA or -tRNA would be present in these polyribosomal preparations as a result of the short time of label incorporation in the presence of FU. The poly(A) obtained from ribonuclease A and T, digestions of this RNA had a similar size distribution of polyacrylamide gels as the total RNA poly(A) shown in Figure 2B . The range of results obtained from experiment to experiment as exemplified in Table  V indicates that ribonuclease action during polyribosome isolation was a major problem in some of these experiments. However, in experiment 2 the base composition of the ribosome-associated poly(A) RNA was similar to that of total tissue poly(A) RNA, indicating a minimum action of ribonuclease. The 52% figure for poly(A) RNA of experiment 2 probably represents a Piant Physiol. Vol. 56, 1975 and polysomal RNA was twice extracted with phenol-chloroform (1:1) as described (37 realistic minimum for the proportion of polyribosome-associate mRNA of soybean which contains a poly(A) sequence. While more detailed studies are needed in this system, these data generally support the view that only 50 to 60% of the mRNA contains a poly(A) sequence (31, 35) .
DISCUSSION
The results presented here demonstrate the occurrence of poly(A) sequences in a species of RNA previously referred to as TB-RNA (22) (31) . The occurrence of poly(A) sequences in "TB-RNA" but not in D-RNA raises questions about the earlier interpretation of data on the relative rate of labeling and turnover of these AMP-rich species of RNA (22) . Additional experiments taking into account the post-transcriptional addition of poly(A) will be needed to clarify these and other points raised by this study and the earlier work. The data reported here show that at least a part (about 50%) of the polyribosome-associated mRNA of soybean contains a poly(A) sequence of similar size to the poly(A) of total tissue RNA. That some mRNA in animal systems contains poly (A) has been well established (3, 5, 6, 11, 15, 31, 36 
